INTRODUCTION {#sec1-1}
============

Periodontal disease is an infectious and chronic condition that leads to the destruction of the tissues supporting the tooth due to the accumulation of bacterial biofilm.\[[@ref1]\] There are considerable variations in the prevalence of periodontitis between countries, but the risk of periodontitis increases in race of Africans and Hispanic.\[[@ref1]\] Periodontal disease includes different periodontopathogens such as *Porphyromonas gingivalis, Prevotella intermedia, Bacteroides forsythus, Fusobacterium nucleatum, Aggregatibacter actinomycetemcomitans, Capnocytophaga, Propionibacterium acnes, Staphylococcus epidermidis, and Pseudomonas aeruginosa* among others.\[[@ref3]\] This microbiota triggers a local inflammation characterized by the infiltration of inflammatory cells such as polymorphonuclear cells, macrophages, lymphocytes, and plasma cells into the periodontal tissue that releases cytokines, interleukins, prostaglandins, and cell adhesion proteins.\[[@ref4][@ref5]\] The pathogenic microorganisms associated with periodontal disease enter the bloodstream, elevating the levels of pro-inflammatory cytokines such as interleukin 1 (IL1) and tumor necrosis factor-α (TNFα). These alterations appear to be the major mechanisms associated with the association between periodontitis and systemic diseases such as cardiovascular disease, diabetes mellitus, and obstructive sleep apnea (OSA).\[[@ref6][@ref7][@ref8]\]

The American Academy of Sleep Medicine (AASM) defines OSA-hypopnea as a sleep disorder in which the complete (apnea) or partial (hypopnea) obstruction of the upper airway occurs.\[[@ref9]\] The prevalence of OSA in the United States and Europe has been reported between 14% and 49% and between 19% and 26% in Colombia.\[[@ref10][@ref11]\] Transient and intermittent hypoxia in individuals with OSA promotes the transcription of TNFα and increases cytokine production, resulting in systemic inflammation.\[[@ref12]\] In addition, inflammation, intermittent hypoxemia, and fragmented sleep observed in OSA have been suggested as risk factors for the development of cardio-cerebrovascular events, metabolic disease, and cognitive impairment.\[[@ref13][@ref14]\]

Some mechanisms that have been proposed to explain the relationship between periodontal disease as a risk factor for cardiovascular, metabolic, and other systemic diseases are (1) the risk factors shared between periodontal disease and systemic disease, (2) the presence of a subgingival bacterial biofilm as a source of Gram-negative bacteria, (3) the existence of the lesions\' typical of periodontal disease, and (4) the periodontal pocket as a reservoir of inflammatory mediators.\[[@ref15][@ref16]\] However, OSA and periodontitis could be associated due to the fact that both diseases share same risk factors and due to inflammatory mediators are involved in the pathogenesis of OSA and periodontitis.\[[@ref6]\] Although the association between OSA and periodontitis has been reported, the interactions between OSA severity and other comorbidities have been not established yet.\[[@ref17]\]

The purpose of this study was to identify the association between periodontal disease and OSA in adults with different comorbidities.

MATERIALS AND METHODS {#sec1-2}
=====================

Population and sample {#sec2-1}
---------------------

The sample in this study included patients between 30 and 85 years of age who lived in Bogotá and attended the sleep clinic for a polysomnographic study. A convenience sample of 199 adults was obtained for this study. Patients who were selected underwent a polysomnographic study that was interpreted by a single professional according to the AASM criteria. Severity was classified according to the apnea--hypopnea index (AHI), with nonapnea defined as AHI \<5, mild apnea as AHI = 5--14.9, moderate apnea as AHI = 15--29.9, and severe apnea as AHI \>30. The Ethics Committees of the local faculty of dentistry and local clinic sleep approved this study. Once the patients agreed to participate in the study, informed consent was solicited and signed. Before the procedure at sleep clinic, a questionnaire was conducted that recorded the medical and pharmacological antecedents reported by the patient. History of systemic disease was based on a questionnaire completed by each patient, and it was compared with medicament ingest reported by each patient. The body mass index (BMI) of each patient was also measured and calculated. Parafunctional habits and smoking status in each patient were documented.

All patients selected at sleep clinic underwent intraoral clinical and periodontal examinations. Probing was performed on all teeth present in the mouth. The periodontal disease outcome measures included clinical attachment loss and periodontal pocket depth. Periodontal pocket was defined as the measurement up 4 mm from the gingival margin to the bottom of pocket. The gingival margin measurement was taken from the cementoenamel junction to the gingival margin. Three skilled examiners were calibrated for periodontal assessments so that measurements were comparable and similar. The calibrated examiners performed probing depth and gingival margin at six sites per tooth for each fully erupted tooth, except third molars, in each patient. The clinical attachment levels were calculated, and a periodontal diagnosis was provided based on the 1999 Armitage classification used to determine the severity of periodontitis based on insertion loss. Patients were classified into three groups after periodontitis assessment: healthy, gingivitis, and periodontitis.\[[@ref18]\]

Statistical analyses {#sec2-2}
--------------------

The descriptive statistics of basic demographic variables were calculated as means, medians, ranges, standard deviations, and 95% confidence intervals (CIs). The proportion of patients with or without OSA and periodontal and systemic diseases were determined. Student\'s *t*-tests (numerical variables) or Chi-square tests (proportions) were used to determine the differences between groups. Subsequently, ANOVA was performed to establish differences according to group. *P* \< 0.05 was established as the significance threshold.

RESULTS {#sec1-3}
=======

This study consisted of 199 individuals (107 women and 92 men) with a mean age of 49.9 years, of whom 53.8% were women with an average BMI = 27.6. Individuals were divided upon AHI, resulting in 58 individuals with nonapnea, 68 with mild OSA, 37 with moderate OSA, and 36 with severe OSA. The prevalence of comorbidities in this sample was 32% for arterial hypertension, 16.6% for hypertensive cardiomyopathy, 13.6% for coronary artery disease, 4.5% for diabetes, and 16.5% for hypothyroidism. A significant association was observed between OSA severity (*P* = 0.0001) and age, patients with severe and moderate OSA were 58 years and patients with mild OSA were 51 years on average, while patients without OSA were 40 years old on average.

The prevalence of periodontal disease was 62.3% for periodontitis and 34.1% for gingivitis. The percentage of individuals who showed healthy periodontal status was 3.5%. The analysis to identify the periodontal condition based on the presence and severity of OSA showed no statistically significant association between all groups of patients with OSA and non-OSA patients for gingivitis (*P* = 0.27) and for periodontitis (*P* = 0.312). However, statistically significant association was shown between periodontitis and mild OSA compared with the periodontitis and non-OSA referent (*P* = 0.041; odds ratio: 1.37 and 95% CI: 1.11--2.68) \[[Table 1](#T1){ref-type="table"}\].

###### 

Periodontal condition based on the presence and severity of obstructive sleep apnea
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The analysis between OSA and comorbidities showed a statistically significant association for patients with OSA (severe, moderate, and mild) and hypertension compared with patients with hypertension and no apnea (*P* \< 0.001). Similar results were found for patients with OSA and hypertensive cardiomyopathy compared with hypertensive cardiomyopathy and no OSA (*P* \< 0.001). The frequencies of the systemic diseases associated with OSA are shown in [Table 2](#T2){ref-type="table"}.
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Frequency of comorbidities according to obstructive sleep apnea diagnosis
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Systemic conditions were also evaluated based on the diagnosis of OSA and periodontal disease. This evaluation revealed that periodontitis is more likely in men with severe OSA and any of two comorbidities such as arterial hypertension or hypertensive cardiomyopathy. Women with arterial hypertension or hypertensive cardiomyopathy were more likely to have mild OSA and these associations were statistically significant \[*P* \< 0.05, Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].
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Periodontal diagnosis and systemic conditions
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###### 

Frequency of comorbidities according to obstructive sleep apnea and periodontal diagnosis
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DISCUSSION {#sec1-4}
==========

The present study examined the relationship between OSA associated with different comorbidities and periodontal disease and found a statistically significant association between mild OSA and periodontitis (*P* \< 0.05). These results coincide with previous findings reported by Sanders *et al*. (2015), who studied 12,469 in Hispanic community of Latinos between 18 and 74 years and found the higher prevalence of periodontitis in individuals with mild sleep disorder breathing. Other studies in different populations such as Korea, North American, and Taiwan have demonstrated a significant association between Severe OSA and periodontitis.\[[@ref19][@ref20][@ref21][@ref22]\] In contrast, Loke *et al*. did not find a significant association between OSA severity with the prevalence of periodontal disease severity categories.\[[@ref23]\]

The relationship between periodontitis and OSA has not been elucidated. Al-Jewair *et al*. in a systematic review and meta-analysis found a statistically significant association between periodontal disease and OSA, but the causal-effect relationship between both diseases was debatable.\[[@ref24]\] However, several theories have been proposed to explain bidirectional association between both diseases: (1) the dryness of the mucous membranes produced by oral respiration frequently observed in individuals with OSA (due to oral breathing or the pharmacological effects of hypotensive drugs), which enables the greater colonization of the periodontal microbiota; (2) the systemic inflammation that occurs in both OSA and periodontitis; (3) the oxidative stress that occurs in both diseases; and (4) the risk factors and comorbidities common to OSA and periodontitis.\[[@ref6][@ref25][@ref26]\]

Our study investigated the relationship between periodontal disease and OSA associated with several comorbidities and the results showed that periodontitis was more frequent in men with severe or moderate OSA with any of two comorbidities such as arterial hypertension or hypertensive cardiomyopathy. Women with periodontitis showed statistically significant association with mild OSA and with any of these two comorbidities (arterial hypertension or hypertensive cardiomyopathy). The association between OSA and hypertension has been previously reported. More than 50% of people with OSA have hypertension, and OSA is one of the most common causes of secondary and refractory hypertension.\[[@ref27]\] Systemic inflammation likely justifies the biological plausibility of the relationship between OSA and HTA in which hypoxia and the cyclic reoxygenation of OSA produce oxidative stress and activate the pro-inflammatory transcription factor, i.e., nuclear factor-kappa B, thereby stimulating the production of other systemic pro-inflammatory markers such as IL-8, TNFα, C-reactive protein, and intercellular and vascular cell adhesion molecules.\[[@ref28][@ref29]\] In addition, the relationship between arterial hypertension and periodontitis has been investigated, but the interpretation of results and identification of biological mechanisms that explain this relationship are difficult due to the heterogeneity of studies, the periodontal and hypertension diagnosis criteria, and the bacterial load and the inflammatory status at the moment of the clinical parameters\' measurement.\[[@ref30][@ref31]\]

Hypertensive cardiomyopathy and coronary artery disease have been associated with OSA.\[[@ref32][@ref33]\] In our study, coronary artery disease was frequently associated with OSA, but this association was not statistically significant. In contrast, hypertensive cardiomyopathy showed statistically significant association in women and men with periodontitis. In our knowledge, there are not studies that report association between periodontitis and hypertensive cardiomyopathy until now, but arterial hypertension is the main risk factor for hypertensive cardiomyopathy;\[[@ref34]\] therefore, although this association is biologically plausible, it is important to clarify in future studies if hypertensive cardiomyopathy is associated with OSA because this pathology and arterial hypertension are overlapping.

Hypothyroidism was also statistically associated with periodontitis and mild sleep apnea. Previous studies have been reported the association between OSA and hypothyroidism \[[@ref35][@ref36]\] and between hypothyroidism and periodontitis;\[[@ref37][@ref38]\] however, the physiopathology of these interrelationships has not been established and the association between hypothyroidism, periodontitis, and sleep apnea has not been previously documented. Diabetes mellitus was frequently observed in patients with OSA, but this association was not statistically significant.

Other risk factors common to OSA and periodontitis include male gender and advanced age.\[[@ref2]\] Our study found a significant relationship between older men and the severity of OSA (*P* \< 0.001). These findings coincide with those reported by Punjabi, who found that more than 50% of adults over 65 years old have some form of complaint related to a chronic sleep disorder.\[[@ref39]\] However, the association between periodontal disease and OSA is weaker in older adults because, unlike periodontal disease (which increases with age), OSA decreases among the elderly.\[[@ref40]\] Recently, the relationship between periodontitis and mild apnea was demonstrated for young adults (18--34 years) with greater significance compared with other age groups in Hispanic population residing in the US.\[[@ref24]\] Our study did not verify this finding because our population was composed of adults older than 30 years, but we found that mild apnea was more frequently in women with periodontitis. Although this study is convenience sample, and for this reason is more difficult to generalize, it is important to investigate the role of the chronic intermittent hypoxia in the stimulation of bone remodeling like a protective mechanism to preserve bone density in elderly adults and the biological mechanisms involved in periodontitis and OSA in younger and older individuals.\[[@ref41][@ref42][@ref43]\]

CONCLUSIONS {#sec1-5}
===========

Our study demonstrated a significant association between Periodontitis and mild OSA and this association was more frequent in women with hypertension or hypertensive cardiomyopathy. In addition, periodontitis was associated with severe OSA in men who showed any of two comorbidities such as hypertension or hypertensive cardiomyopathy. This work suggests the need to perform routine dental evaluations and integral and multidisciplinary treatment for patients with OSA.
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